Abstract Intracranial chondromas are rare tumors, especially in the pediatric population. We describe the conventional and advanced neuroimaging characteristics of this rare convexity dura-based chondroma in a young adolescent. In particular we demonstrate that diffusion-weighted imaging (DWI) facilitates differentiation between a dura-based chondroma and the more frequent classical meningioma. Chondromas are typically DWI hypointense with high apparent diffusion coefficient (ADC) values while meningiomas are typically DWI hyperintense with low ADC values. We also discuss the relevant additional differential diagnoses of dura based focal lesions for the pediatric population as well as the diagnostic significance of additional imaging modalities, including computed tomography, magnetic resonance imaging and cerebral angiography.
Introduction
Intracranial extra-axial tumors in children are uncommon compared with the adult population and usually involve the sella, pineal region, and the ventricles. 1 Meningioma, which is the most common adult extraaxial convexity neoplasm, is relatively rare in children, in whom it is mostly associated with neurofibromatosis type 2. Dural metastases, which are relatively common in adults, are also not common in the pediatric population. Here, we describe the conventional and advanced neuroimaging findings in a rare case of an extra-axial dural chondroma originating from the cerebral falx in a child. In addition, we discuss the distinguishing imaging features of chondromas and other dural-based mass lesions.
Case report

Clinical presentation
A 14-year-old girl presented to our pediatric emergency service with confusion, altered mental status, rigidity and fever. She had a history of Asperger syndrome and bipolar disorder chronically treated with lithium and risperidone. On physical examination, she had fever (38.4 C) and tachycardia (130/min). Neurologically, she was alert, hyperkinetic, and disoriented, showing blunted affect and stooped posture. She had diffuse hyper-reflexia without focal motor deficit. Laboratory tests revealed acute renal insufficiency and elevated creatine phosphokinase (CPK) (3470 IU/l). The clinical diagnosis was risperidone-induced neuroleptic malignant syndrome. Head computed tomography (CT) was performed as part of her altered mental status work-up.
Imaging
Unenhanced head computed tomography (CT) demonstrated a 1.9 Â 1.6 cm extra-axial right frontal hyperdense mass (Figure 1(a) and (b) ). There was no significant mass effect or associated intracerebral vasogenic edema. The bone window showed no calvarial hyperostosis or osseous remodeling (Figure 1(c) ). Contrast-enhanced images showed heterogeneous peripheral enhancement (Figure 2(c) ). Several contrast-enhancing adjacent superficial pial arteries were displaced inferiorly, and a slightly prominent vein appeared to drain into the superior sagittal sinus. The lesion was hypointense on diffusion-weighted images (DWI) with facilitated diffusion on the matching apparent diffusion coefficient (ADC) map (Figures 2(d) and (e)). Mild mass effect was exerted on the adjacent right superior frontal gyrus without vasogenic edema. The lesion abutted the overlying frontal dura, interhemispheric falx and superior sagittal sinus. However, there was no dural venous sinus invasion. Conventional cerebral angiography was performed and did not show tumor contrast blush to suggest increased lesional vascularity (Figure 2(f) ).
Surgery
The tumor was removed through a right frontal craniotomy. A white, very firm, parasagittal dural-based mass was identified adjacent to the superior sagittal sinus. Although multiple vessels surrounded the tumor, the tumor itself was avascular. The tumor was isolated from the underlying brain and was removed in its entirety. Because of its close proximity to the superior sagittal sinus, the adjacent dura was coagulated rather than resected.
Pathology
The tumor was described as a 2.4 Â 2.0 Â 1.4 cm lobulated firm/rubbery pale tan-white mass (Figure 3(a) ). On histology the lesion proved to be a well-differentiated cartilaginous tumor (meningeal chondroma) without atypia or mitotic activity (Figures 3(b) and (c)). Next-generation sequencing studies were negative for IDH1/IDH2 mutations.
Discussion
In this report we describe a rare case of a convexity dural-based chondroma in a child. Intracranial chondromas are uncommon benign cartilaginous tumors usually arising from the skull base and less commonly from the dural convexity or falx. 2 Most frequently these meningeal chondromas are seen in patients between 20 and 60 years of age. Although dural chondromas are usually solitary lesions, they may be a feature of various enchondromatosis syndromes (Ollier disease and Maffucci syndrome, i.e. multiple enchondromatosis with and without cutaneous hemangiomas, respectively). 3, 4 Recently, somatic heterozygous IDH1 and IDH2 mutations were found in these multiple enchondromas syndromes. 5 They were not found in our patient with a solitary chondroma. The pathogenesis of sporadic dural-based chondromas, distant from the skull base where synchondrosis cartilage rests can be found, is controversial. Possible theories include either heterotopic chondrocytes or cartilaginous metaplasia of meningeal fibroblasts or of pluripotent perivascular mesenchymal cells. 6, 7 In older children and adolescents, the leading differential diagnosis of a meningeal neoplasm is a duralbased meningioma. On CT, both meningiomas and chondromas are typically mildly hyperdense. Reactive calvarial sclerosis/hyperostosis with or without osseous remodeling, commonly seen in meningiomas, are not a feature of dural chondromas. On MR, chondromas usually show hypointense signal on T1-weighted images and mixed signal on T2-weighted images along with minimal contrast enhancement. 8 Typically meningiomas show avid homogenous contrast enhancement, and an enhancing dural tail. DWI can assist in differentiating these tumors, as meningiomas usually have a DWI-hyperintense signal with matching reduced ADC values (dark on ADC maps) due to the high/compact cellularity. 9 Chondromas, however, are typically DWI hypointense and ADC bright. 10 Moreover, chondromas are avascular on cerebral angiograms compared with classically hypervascular meningiomas. 11 Nevertheless, calcified meningiomas or other osseous tumors (i.e. osteomas) can mimic chondroma on MRI, i.e. show decreased signal on T1-and T2-weighted images as well as predominantly peripheral contrast enhancement. Although DWI will show hypointense signal in both of these lesions, a bright ADC signal is characteristic of chondroma. The CT density is also helpful for evaluating the degree of calcification, which is typically absent in chondromas. More aggressive dural solitary fibrous tumors (previously classified as hemangiopericytomas and chondrosarcoma) are also hypervascular dural-based masses that commonly erode the adjacent bone and enhance avidly, both on CT and MRI, 12, 13 thus facilitating differentiation from chondromas. In the pediatric population, dural-based non-meningeal tumors such as lymphoproliferative disease, histiocytic disorders and dural metastases secondary to neuroblastoma should also be included in the differential diagnosis. These lesions usually enhance homogenously and might show increased DWI signal, either related to increased cellularity (decreased ADC values) or to facilitated diffusion (increased ADC values). 14 The clinical presentation of intracranial chondromas depends on their location and includes headache, seizures and focal neurologic deficits. 8 Our patient had a history of Asperger syndrome and bipolar disorder and presented with drug-induced neuroleptic malignant syndrome, presumably unrelated to the incidentally noted convexity chondroma. Nevertheless, SalazarCalderon Perriggo et al. have reported a case of pharmacologically treated bipolar disorder in a patient with right parietal falx chondroma. Following removal, their patient remained euthymic for at least two years without any medication, thus suggesting secondary bipolar disorder associated with intracranial chondroma. 15 In conclusion, convexity dural-based chondromas are rare tumors and thus will not usually be mentioned in the differential diagnosis of extra-axial lesions, especially in the pediatric population. However, the diagnosis can be suggested by careful analysis of conventional and advanced neuroimaging findings. Chondromas are typically DWI hypointense with high ADC values while dural-based meningiomas are typically DWI hyperintense with low ADC values. 
